Background: The risk of perioperative cerebrovascular events in endovascular repair of thoracic and thoracoabdominal aneurysms is reported from 2% to 15%. The unavoidable use of an upper extremity access during branched endovascular aneurysm repair (b-EVAR) may play a role in embolic brain injuries. For this reason, some advocate the use of a left-sided upper access to avoid crossing the origin of supra-aortic vessels. However, the assumption that right brachial access has a higher risk for stroke during b-EVAR has not been confirmed in the literature.
Complex endovascular aneurysm repair (EVAR) of thoracoabdominal aortic aneurysms (TAAA) with branched endografts (b-EVAR) has emerged in recent years as an effective treatment, with results superior to open surgery for early mortality and morbidity and midterm outcomes. 1, 2 Nevertheless, perioperative neurologic deficit, including paraplegia and stroke, still represents one of the main issues. 3 Considering different types of endovascular or hybrid treatment for thoracic and thoracoabdominal aortic repair, such as standard thoracic endovascular aneurysm repair (TEVAR), chimney, periscope, snorkel (CHIMPS), fenestrated EVAR (f-EVAR) and b-EVAR, postoperative cerebrovascular complications are listed with an incidence of 2% to 15% in different case series. [4] [5] [6] [7] No large studies on the topic are currently available selectively for b-EVAR for TAAA, but this technique is susceptible to intracranial embolic complications. In fact, the use of an upper extremity access is a crucial and unavoidable step in b-EVAR and may play a role in embolic brain injuries due to manipulations with wires, catheters, and sheaths in the aortic arch. For this reason, some experts advocate the use of a left-sided upper access to the right, to avoid crossing the origin of supra-aortic vessels. 8 However, no data are currently available confirming the supremacy of the left upper access to the right. Thus, the choice of a right-sided or left-sided upper extremity approach generally depends on the operator's preferences and the patient's anatomic limitations. We report our experience with complex endovascular aortic procedures with the preferred use of a right upper extremity access.
METHODS
This study complied with the Declaration of Helsinki. Institutional Review Board approval was not required for this retrospective study.
Study design. We performed a single-center retrospective analysis of a prospectively maintained data set on b-EVAR in a tertiary institution. The primary end point was the evaluation of the incidence of cerebrovascular embolic events after b-EVAR with a right brachial access The editors and reviewers of this article have no relevant financial relationships to disclose per the JVS policy that requires reviewers to decline review of any manuscript for which they may have a conflict of interest.
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http://dx.doi.org/10.1016/j.jvs.2016. 12.114 during the first week after the procedure. The secondary end points included complications specific to the access artery, any neurologic perioperative event, and cerebrovascular ischemic events occurring >1 week after the procedure. Written informed consent was required for all patients before the procedure.
Data collection. We reviewed our experience with b-EVAR performed from October 2011 to June 2016 at the Hamburg University Heart Center. This retrospective study included all of the patients undergoing endovascular complex thoracoabdominal repair with the use of a b-EVAR or a branched-fenestrated EVAR. Right brachial access was used in all cases. The study excluded patients who underwent bilateral upper extremity access, for example, for fenestrated TEVAR or chimney TEVAR simultaneous to b-EVAR.
The demographic and clinical data were collected by a trained study nurse and obtained through review of hospital records. The collected preoperative patient characteristics included age, sex, and comorbidities, such as coronary artery disease, arrhythmia, hypertension, smoking, chronic obstructive pulmonary disease, diabetes mellitus, renal failure, connective tissue disorder, critical limb ischemia, and history of stroke or transient ischemic attack. The operative reports, the postoperative control visits, and imaging were reviewed.
Operative technique. The fb-EVAR procedures with right brachial access were performed in a dedicated hybrid operating room with fixed imaging equipment (Allura; Philips, Best, The Netherlands). All procedures were performed with the patient under general anesthesia by two experienced vascular surgeons.
Procedure. Typically, the brachial artery is accessed through a surgical exposure over a longitudinal cutdown. The right brachial access is routinely used in our institution because it suits better in the setting of the operating room with respect to the monitor's position, anesthesia positioning, and exposure of the primary surgeon to radiation.
The remaining access management during b-EVAR is as follows: one-sided exposure of a common femoral artery is performed. The patient is fully heparinized to reach an activated clotting time (ACT) of 250 to 350 seconds. ACT is monitored at regular 30-minute intervals during the procedure. As required by the anatomy, a thoracic graft proximal to the branched prosthesis is deployed over a superstiff guidewire stably positioned in the ascending aorta to the aortic valve. Afterward, the branched component and, eventually, distal grafts are inserted and deployed. The next step is the dilatation of the overlapping segments and of the seal zones with a compliant balloon.
After implantation of the main bodies and iliac limbs of the stent grafts, flow to the lower limbs is restored by closure of the femoral arterial access. Catheterization and stenting of the target vessels is performed through brachial access, using 10F to 12F sheaths, depending on the diameter of the bridging stents and the tortuosity of the access. During the cannulation procedure, the sheath is fixed by a 0.014-inch brachiofemoral throughand-through wire to avoid extensive manipulation in the arch and to limit the potential redundant loops in the ascending aorta, which is especially important when a tortuous path from the right brachial artery to the descending thoracic aorta is present. After implantation of the bridging stents and completion angiography, all guidewires, sheaths, and catheters are removed, and the accesses are closed after an accurate hemostasis.
STATISTICAL ANALYSIS
Continuous variables are expressed as mean 6 standard deviation. Categoric variables are expressed as counts and percentages. The correlation between categoric variables was investigated with the c 2 test and the Fisher exact test. The correlation between continuous and categoric variables was performed with a t-test. A P value of <.05 was considered significant. Analysis was performed using SPSS Statistics for Windows 22.0 (IBM Corp, Armonk, NY).
RESULTS
Patient cohort. Between 2011 and 2016, 67 patients underwent b-EVAR or combined fb-EVAR. Six patients were excluded because of use of a bilateral upper extremity access, leaving 61 patients for the final analysis. Mean age at time of surgery was 70.4 6 7 years (range, 53-87 years), and 40 patients (65.6%) were men. The preoperative neurologic history included one patient (1.6%) with a previous stroke and one (1.6%) with a previous transient ischemic attack. As assessed by the American Society of Anesthesiologists Physical Status Classification, 38 patients (62.3%) were in category III preoperatively. The preoperative characteristics, the intraoperative records, and the perioperative outcomes at 30 days were available for all the patients. The preoperative characteristics are summarized in Table I .
The patients' preoperative concomitant medications (Table II) Recommendation: The authors suggest using rightsided transbrachial access with a stabilizing through-and-through wire for endovascular repair of complex abdominal aortic aneurysms, if needed.
b-blockers (57.4%), and anticoagulants (14.8%). Clopidogrel was administered in only 3.3% of the patients.
The most common indication for treatment was a type II (32.8%) TAAA, followed by type IV (23%) TAAA. Mean aneurysm diameter was 69.7 6 19.4 mm. The indications for treatment are presented in Table III .
Procedures were urgent in 20 patients (32.8%) and elective in 41 (67.2%). Among urgent procedures, the indication for treatment was a ruptured aneurysm in eight patients and a symptomatic aneurysm in 12, accounting respectively, for 13% and 20% of total. A cervical debranching (left carotid-subclavian bypass) was performed in 10 patients (16.4%).
Primary end point. With regard to our main end point, two perioperative ischemic strokes occurred in 2 of 61 patients (3.3%). Both events occurred in men and were classified as major strokes. Neither minor strokes nor transient ischemic attacks occurred. The first stroke occurred in a patient with a symptomatic type I TAAA that was 8 cm in diameter. He had previously undergone a left carotid-subclavian bypass to achieve an adequate proximal landing zone before b-EVAR. A left brachial access would have been unsuitable because of the previous left carotid-subclavian bypass and the necessary intraprocedural overstenting of the left subclavian artery. The preoperative computed tomography (CT) angiogram review of this patient showed he had a bovine arch and a thrombus at the innominate artery (Fig 1) . Some hours after the procedure, the patient developed left-sided hemiplegia and numbness associated with dysarthria and facial paresis. Brain magnetic resonance imaging showed a right cerebral and multiple bilateral cerebellar infarcts.
The second patient with stroke was treated as an emergency for a ruptured 7.5-cm type II TAAA. The left subclavian artery was also intentionally covered, and a left carotid-subclavian bypass was performed during the same procedure after the b-EVAR. The patient's postoperative course was complicated by multiembolic supratentorial and subtentorial ischemic infarctions and a left hemispheric infarct, as shown in the brain CT. This patient's preoperative CT angiogram showed no arterial wall pathology at the level of the supra-aortic vessels (Fig 2) . Neither patient had a history of neurologic events. No further ischemic neurovascular events were noted during the in-hospital stay. The incidence of postoperative neurologic ischemic events was independent from the therapy with acetylsalicylic acid (P ¼ .56), anticoagu-
Univariate analysis showed the occurrence of a postoperative ischemic neurologic complication was not associated with the preoperative characteristics taken into consideration: coronary artery disease (P ¼ .62), arrhythmia (P ¼ .84), hypertension (P ¼ .59), smoking history (P ¼ .57), chronic obstructive pulmonary disease (P ¼ .57), or diabetes mellitus (P ¼ .81). Chronic renal failure appeared to predispose to the development of a perioperative stroke, but this association was not significant at the Fisher exact test (P ¼ .074). The occurrence of postoperative stroke in both patients followed urgent b-EVAR, but the association between urgent repair and stroke did not reach statistical significance (P ¼ .104). Our results are summarized in Table IV . We also investigated a potential association between the total operation time and the occurrence of a neurologic complication. The mean duration of the procedure was 460 6 147 minutes in patients without a postoperative stroke and 550 6 57 minutes in the stroke group. In this case, the results of the t-test were not significant (P ¼ .220). The mean age at the time of the procedure was 70.5 6 7 years in the nonstroke group and 68.5 6 0.7 years in the stroke group, which also did not significantly differ between the two groups (P ¼ .077). A multivariate analysis was not performed due to the small number of events.
Secondary end points. One ischemic stroke occurred in a male patient with chronic atrial fibrillation, treated with apixaban, and uncontrolled hypertension 30 days after an fb-EVAR procedure. He was referred to the stroke unit of our hospital for a minor stroke with left hemianopsia. Brain CT revealed a subacute infarction of the right brain. The patient was treated with anticoagulation and antiplatelet therapy. The symptoms spontaneously resolved during the in-hospital stay. Two early in-hospital intracranial hemorrhages resulted in the death of one patient and in a prolonged inhospital stay and neurologic rehabilitation in the second. Spinal subarachnoid bleeding occurred in a third patient after delayed placement of a lumbar drain after postoperative spinal cord ischemia. None of the patients had been treated with double-antiplatelet therapy nor was coagulopathy documented. Coagulation parameters were within normal reference ranges in all patients when the events occurred.
Four local complications (6.6%) occurred at the right upper extremity access. One (1.6%) was an occlusion of the right radial artery, treated conservatively. Bleeding occurred in the other three (4.9%). Also in these cases, no double-antiplatelet therapy was administered, and coagulation parameters were within normal reference ranges. The bleeding in two of these patients was managed conservatively with manual compression and a compressive dressing. One of the two patients required a blood transfusion. The hematoma in the other patient was followed by wound infection which was treated with antibiotics, surgical débridement, and vacuum therapy. In the third patient, a 71-year-old woman, the right brachial artery was ruptured during removal of a transbrachial 12F sheath, and retrograde dissection of the axillary artery was present. The axillary-brachial artery was repaired with a Viabahn covered stent (W. L. Gore & Associates, Flagstaff, Ariz) and patch angioplasty of the access site.
DISCUSSION
Cerebrovascular events represent an important issue in the perioperative outcome of patients treated by b-EVAR. The etiology of perioperative stroke in these patients is still unclear and probably multifactorial. Embolization caused by arch manipulation and hypoperfusion of the posterior circulation have been proposed as pathogenetic mechanisms. 9 Some preoperative risk factors for the development of postoperative stroke have been recognized for the endovascular treatment of thoracic aneurysms, such as advanced age, female sex, no history of hypertension, and long duration of the procedure. 10 Our study did not confirm any of these correlations, probably due to the small number of patients with the index event.
With regard to the specific topic addressed here, no studies in the current literature have showed the supremacy of the left brachial access over the right. We prefer to perform a right-sided brachial access because of the setup of our hybrid operating room, with the C-arm being positioned at the left of the patient and the protective shields on the right side. Repositioning of protective shields and screens is possible but can compromise the patient's care because it is often inconvenient, especially for a right-handed operator, and reduces the screen visibility. The role of proper radiation protection for the operators during complex aortic procedures, which are associated with high radiation exposure levels, is indisputable.
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Some studies have shown comparable outcomes between the right and the left brachial access with regard to peripheral diagnostic or interventional procedures. 8, [12] [13] [14] Nevertheless, if compared to peripheral interventions, some additional factors, such as the size of the sheaths and the duration of the manipulation in the arch, might influence the results in cases of complex aortic disease. A large literature review published in 2013 showed a cumulative rate of postoperative ischemic stroke of 3.2% in patients treated by chimney EVAR for juxtarenal AAA, a rate similar to our results. 15 Nevertheless, the two groups are not precisely comparable because of a more extensive thoracoabdominal disease in our patients. Knowles et al 16 reported their experience with the use of an adjunctive upper extremity access in the treatment of complex AAAs with f-EVAR. During a 5-year experience, they used an adjunctive antegrade access in 98 of 148 of their f-EVAR procedures (66%), in six cases from the right brachial artery. They reported one perioperative ischemic stroke in the "only-femoral group" and one hemorrhagic stroke in the "arm group." No ischemic cerebrovascular complications occurred in the arm group. The hemorrhagic stroke in the arm group occurred in a patient in whom a left brachial access had been used. 16 In our clinical practice, we perform some steps to minimize the risk of a perioperative cerebrovascular event. First, a careful review of the preoperative images is crucial: patients with severe aortic arch atherosclerosis can be identified, and in these cases, a left brachial approach can be selected if feasible. In experience reported here, the preoperative images showed the presence of wall thrombus at the level of the innominate artery in one patient who later developed a postoperative stroke. Although this patient was at high risk for a right brachial access, the use of the left brachial artery was not feasible because of the covered left subclavian artery and the presence of carotid-subclavian bypass.
In addition to the accurate preoperative planning, we suggest heparinization, starting with 100 UI/kg sodium heparin, and monitoring the ACT every 30 minutes to achieve a stable target value between 250 and 350 seconds.
During the catheterization maneuvers, we use a brachiofemoral through-and-through wire to stabilize the brachial 10F to 12F sheath (Fig 3) . This technique prevents movements of the sheath and unintentional slipping of the sheath into the ascending aorta, thereby reducing the risk of intracranial embolization from the aortic arch.
This study has several limitations. The first limitation is the small sample size. Two perioperative strokes occurred in a total population of 61 patients. This small number of events limits the power of the study to evaluate potential risk factors. The absence of a control group means the two possible upper extremity access sites cannot be compared because no procedures were performed via a left brachial access. In addition, there is a lack of literature focusing selectively on the incidence of cerebrovascular 
CONCLUSIONS
The perioperative stroke rate is low using a right brachial access in b-EVAR. This result compares well with studies using left sided brachial access. Right brachial access with the use of a stabilizing throughand-through wire is a safe approach during b-EVAR. 
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